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By Herman 0. Ankenbruck 



SUMIJIARY 



Some designers of tailless airplanes believe that 
a fair comparison of the maximum lift coefficients of 
conventional and tailless airplanes can be made only if ■ 
the lift coefficients are based on the sum of wing and 
tail areas. In the present paper, values of maximum 
lift coefficient based on three different areas have ' 
been computed from airplane stalling speeds in order 
to show representative values of maximum lift coeffi- 
cient that are being reached by present-day conventional 
airplanes. The areas used were wing area alone, wing 
area plus horizontal-tail area, and wing area plus 
horizontal- and vertical-tall areas, The maximum lift 
coefficients were determined from the stalling speeds 
obtained for the gliding condition (power off, flaps up) 
and landing condition (power off, flaps down) of 10 air- 
planes in flight tests conducted by the NACA. The highest 
maximum lift coefficients based on wing area alone were 
1.6 for the gliding condition and Z.k for the landing 
condition, whereas the highest maximum lift coefficients 
based on wing area plus horizontal- tail area were l.J for 
the gliding condition and l.^ for the landing condition. 



INTRODUCTION 



One of the principal arguments advanced against the 
tailless airplane is that its maximum lift coefficient 
is . necessarily low compared with that of a conventional 
alrpliane. Some designers of tailless all-wing airplanes 
contend, however, that a fair comparison of the maximum 
lift coefficients of conventional and tailless airplanes 
cannot be made if the lift coefficients are computed on 
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the basis of wing area alone. These designers point out 
that, inasmuch as the function of the tall surfaces is 
performed by a' portion of the wing on a tailless air- 
plane, the horizontal- tail area, and perhaps the vertical- 
tail area, should be added to the v^ing area in calcu- 
lating lift coefficients. This procedure, of course, 
causes a reduction in the computed maximum lift coefficient 
of the conventional airplane and thereby decreases its 
superiority over the tailless airplane in this respect. 

In order to illustrate the effect of using wing area 
plus tail area in computing the values of maximwa lift 
coefficient that are being reached by present-day air- 
planes, the maximum lift coefficients, as determined from 
the stalling speeds of 10 airplanes that have been tested 
in flight by the NACA, have been expressed in terms of 
three areas: (1) wing area alone, (2) wing area plus 
horizontal-tail area, and (5) wing area plus horizontal- 
and vertical-tail areas. The results are given in the 
present report. 



SiaiBOLS 



maximum lift coefficient 

gross weight of airplane, pounds 

density of air at standard sea-level conditions 
(O.OO2578 slug-ft2) 

correct indicated stalling speed, miles per hour 

wing area, square feet 

wing area used in computing maximxam lift coeffi- 
cients, square feet 

horizontal-tail area, square feet 

vertical-tail area, square feet 

total flap span, feet 

total wing span, feet 

flap chord, feet 
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. ... wing chord, feet 

5f. , maximvun flap deflection, degrees 
max 

SOURCE OP DATA ' 



The maximuin lift coefficients were computed from the 
correct indicated stalling speeds obtained in the gliding 
condition (power off, flaps up) and landing condition 
(power off, flaps down) In flight tests conducted by the 
NACA at Langley Memorial Aeronautical Laboratory and 
Ames Aeronautical Laboratory. Military aircraft that 
ranged in size from single-engine fighters to four-engine 
bombers were tested. The dimensional characteristics of 
the airplanes are given in table I. 



CALCULATIONS 



The following formula was used for calculating the 
maximum lift coefficients*. 



^L. ' 



1.077 PS'Vg^ 



Values of S' used for each airplane were 



S' = S. 



w 



S' = S^, + S 



*h 



RESULTS 



The maximum lift coefficients calculated by the 
three methods for each flight condition are given in 
table II. The maximum lift coefficients based on wing 
area alone ranged from l.Ii, to 1.6 for the gliding 



NACA RB No. iko^l 



condition and from 1.8 to 2.i|. for the landing condition, 
whereas the values based on wing area plus horizontal- 
tall area varied from 1.2 to l.J for the gliding con- 
dition and from 1 . 5 to 1,9 for the landing condition. 
The highest maximum lift coefficient for the landing 
condition {2.I4.) was obtained by an airplane with a full- 
span slotted flap (airplane 8). The highest value for 
the landing condition reached by airplanes with partial- 
span flaps was 2.1 based on wing area alone, or 1.8 based 
on wing area plus .horizontal -tall area. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committe'=' for Aeronautics, 
Langley Field, Va. 
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TABLB I 



stmnszoviiL craractbristzcs op thi aimmB tbtxd 







W 
(lb) 
(•) 


(•q ft) 

(b) 


• 

(•« ft) 

(b) 


• 

(■q ft) 


Flap 

type 


■ 

^'f 


•f 
«»w 


^'aax 

(deg) 


1 


POUF>«ngiM 

boater 


U9*ooo 


2780 


505 


iii^3 


Split 


0.51 


0.15 


60 


2 


FouF-engln« 
boabcr 


ItB.ltOO 


ii»ao 


356 


181 


gpllt 


.1|8 


.17 


45 


5 


T«ln-*ngln« 
boab«r 


15.000 


545 


125 


*5.5 


Fouler 


• k9 


.55 


59 


It 


Slnsl«-«ngln« 
torpedo 
boabor 


l5tl(00 




112 


36.8 


Split 


.58 


.20 


U5 


5 


Slaglo-ongln* 
■oout boabor 


12.U00 


k22 


107 




Split 


.U8 


.23 


60 


6 


81ncl««ongln* 
fighter 


7,500 


236 




so 


Plain 


.51 


.22 


50 


7 


Slngle«englne 
fighter 


7.010 


258 


37 


22 


Split 


.liB 


.18 


80 


8 


Single-engine 
fighter 


5.7to 


209 


1^9 


20 


Slotted 


.81 


.25 


ho 


9 


Single-engine 
eoout boaber 


5,770 


258 


61 


26 


Split 


.50 


.15 


67 


10 


Single-engine 

trelner 


U,900 


25U 


50 


18,5 


Split 


.58 


.18 


U5 



|Oreaa weight aa tasted. 

Oversell area inoludlng area through fuaelage. 



TABLE II 
MAXIMUM LIFT COEFPICIENTS 





Gliding condition 


Landing condition 


Airplane 




(a) 






(b) 


























Calculation 


Calculation 


Calculation 


Calculati on 


Calculation 


calculation 




based on 


based on 


based on 


based on 


based on 


based on 






Sw + Sh 










1 


l.k 


1.2 


1.1 


2.0 


1.7 


1.6 


2 


1-5 


1.2 


1.1 


1-9 


1.5 


l.i; 


5 


1.6 


1.3 


1,2 


2.1 


1.7 


1.6 


h 


1.6 


1.5 


1.2 


2.1 


1.7 


1.6 


5 


W M M 






2.0 


1.6 


1.5 


b 


1-5 


1.5 


1.2 


1.9 


1.6 


1.5 


7 




1.2 


1.1 


2.1 


1.8 


1.7 


8 


1.6 


1.5 


1.2 


2.i|. 


1.9 


1.8 


9 








1.8 


1.5 


1.5 


10 


1.6 


1.5 


1.5 


2.0 


1.7 


1.6 



^Plaps up, landing gear up, power off. 
^Flaps down, landing gear down, power off. 
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